Supplementary table 3. Individual risk factors, Forest plots, decisions of the expert panel

Quality scores by names of papers

. >10,001

Study design Size: Number of children Outcome Decision rules

’ Cohort ® <1,000 = Combination outcome OR <1.1no effect,

@ Cecontrol m— Hospitalisation 1.1-1.5 slightly mcre;ased risk, _
. 1,001 - 10,000 — ED visit 1.5-2.5 moderately increased risk,

B Cross-sectional >2.5 greatly increased risk

Oral steroid (OCS) course

Urgent/unscheduled care

Interpretation based on number, design and quality
of studies, consistency of results, biological

plausibility.

Note: the scale on all the Forest plots has been curtailed at an OR of 8 to enable comparison between the plots for the different factors. If the confidence intervals are very wide,
and the upper limit extends beyond the plot this is indicated with a line with an arrow. (95%Cl are given in table 2 if required)

Greatly increased risk

Previous attacks

Odds ratios plotted on a Forest plot

Results not possible to
plot

Conclusions

e==Thomas 2005 (8/9) L

et 3selkorn 2009b (8/9)

e==Tolomeo 2009 (7/9) =

esmTolomeo 2009 (7/9) »

amm5chatz 2003 (6/9) $

a7 icger 2012 (5/9) )

esmCovar 2008 (5/9) v

@ 0o 2010 (7/10) g

0 1 2 3 4

5 6 7 8

Logistic regression: OR (95% Cl)

m  Engelkes 2016 (cohort 7/9)
prior attack(s) increase risk
RR 1.99 (1.40 to 2.83)

m Wu 2011 (cohort 6/9): Prior
exacerbation increases risk
(P<0.001)

m  Forno 2010 (cross-
sectional; 7/10): Prior OCS
course increases risk
(P<0.001)

®  Quezada 2016 (cross-
sectional; 6/10): Prior OCS
course/attack increased
risk (P<0.001 or P<0.01)

m  Butz 2000 (cross-sectional;
4/10): Prior nebuliser use
increases risk (P<0.001)

Evidence base:
8 cohort studies
3 cross sectional studies

Consistent findings: all studies
show an increased risk

Greatly increased
risk

Highly confident




Persistent symptoms

Odds ratios plotted on a Forest plot

Results not possible to
plot

Conclusions

e 3selkorn 2009b (8/9) VPC
asthma

emmH 3selkorn 2009b (8/9) VPC
asthma

e 3selkorn 2006a (6/9) Persistent
VPC asthma

| jey 1997 (7/9) Parent
assessment of severity

e jey 1997 (7/9) Parent
assessment of severity

e 3les 2002 (7/10) Symptoms
daily

@) ;|es 2002 (7/10) Disturbing
sleep

esmStingone 2006a (7/10) Sleep
disturbance 21day/week

emmStingone 2006a (7/10) Sleep
disturbance <lday/week

@i orno 2010 (7/10) Symptoms for
>3month/year
Lasmar 2007 (7/10) Severe
persistent asthma

e—
e—
—e

*

I
_h

VPC = very poor control; d=day; w=week;

N

3 4 5
Logistic regression: OR (95% Cl)

m Robroeks (cohort; 9/9): poor
asthma control increases
risk (p=0.007)

m Kwong 2012 (cohort; 6/9):
well-controlled or mild
intermittent (but not mild
persistent) asthma reduces
risk compared to severe
persistent asthma

m Halterman 2001 (cohort 5/9):

no significant difference

between intermittent and
persistent asthma in ED

visits and OCS use

m Canino 2012 (cross-
sectional; 2/10): unclear
outcome

Evidence base:
5 cohort studies
1 case-control
5 cross sectional studies

Consistent findings in the
higher quality, larger, more
robust study designs.
Persistent symptoms are
associated with an increased
risk

Moderately/greatly
increased risk

Highly confident




Poor access to healthcare

Odds ratios plotted on a Forest plot

Results not possible to
plot

Conclusions

em=Sarpong 1997 (8/10) Public
aid/Medicaid/self-pay

«mmStingone 2006a (7/10) Usual
careat ED

«mmStingone 2006a (7/10) Usual
care at health centre

«mmStingone 2006a (7/10) No usual
care location

3 4 5
Logistic regression: OR (95% Cl)

m Halterman 2001 (Cohort, 5/9):
no increased risk (Medicaid vs
no Medicaid)

m Wood 2002 (cross-sectional,
5/10): increased risk with poor
access to care (3 of 4 results
significant)

m Canino 2012 (cross-sectional,
3/10): increased risk with
public insurance and lack of
usual care

Evidence base:
1 cohort study
4 cross sectional studies

Consistent findings in most
studies. US based studies,
access defined by healthcare
arrangements

Moderately/greatly
increased risk

Moderately
confident




Moderately increased risk

Sub-optimal medication regime (low ratio of inhaled steroid (ICS) to total asthma medication)

Odds ratios plotted on a Forest plot

Results not possible to
plot

Conclusions

@B a(trus 2017 (9/9) Controller/total med
ratio< 0.5

esm/\ndrews 2013 (8/9) Controller/total med
ratio<0.5

w7 hang 2013 (8/9) Suboptimal drug
regimen

@mmf-a3rber 2004 (7/9) Suboptimal drug
regimen

@R st 2013 (9/10) Controller/total med
ratio< 0.5

@R st 2013 (9/10) Controller/total med
ratio< 0.5

¢+

3 4 5
Logistic regression: OR (95% Cl)

m Spahn 2009 (cohort 6/9): ICS
use in summer had lower autumn
hospitalisations than non-users

m Engelkes 2016 (Cohort, 6/9):
increased risk (prior asthma
treatment)

m Farber 2004 (cohort, 8/9): No
effect on exacerbations
(controller/total ratio)

m Schatz 2003 (cohort, 6/9): no
effect on hospitalization
(ICS/total ratio)

m Vernaccio 2013 (cross-sectional,
8/10): increased risk (no/low
controller ratio)

Evidence base:
7 cohort studies
2 cross sectional studies

Consistent findings in most

studies.

Moderately
increased risk

Highly confident




Co-morbid atopic/allergic disease

(Allergic rhinitis, eczema, and food allergy)

Odds ratios plotted on a Forest plot

Results not possible
to plot

Conclusions

em/\rabkhazaeli 2015 (7/10)
Food allergy

esmfriedlander 2013 (7/10)
Any food allergy

Food allergy

@i riedlander 2013 (7/10)
Multiple food allergy

emm=Thomas 2005 (8/9) Allergic
rhinitis

Allergic
rhinitis

@) asmar 2007 (7/10) Allergic
rhinitis

em/\rabkhazaeli 2015 (7/10)
Eczema + allergic rhinitis

e/ rabkhazaeli 2015 (7/10)
Food allergy + eczema

emm/\rabkhazaeli 2015 (7/10)
Food allergy + hay fever

Multiple
comorbid allergiic
disease

emm/\rabkhazaeli 2015 (7/10)
Food allergy + allergic

- il

s jle———

rhinitis + eczema

1 2 3 4 5
Logistic regression: OR (95% Cl)

m Engelkes 2016 (Cohort,
7/9): No effect (asthma +
allergic rhinitis, or
eczema)

W Pinto-Pereira 2010
(cross-sectional, 6/10):
increased risk (asthma +
allergic rhinitis)

Evidence base:
2 cohort studies
4 cross sectional
studies

Most, studies showed an
increased risk in children
with one or more co-
morbid atopic conditions.
No consistent difference
between the different
conditions, or between
one, two or three
conditions

Moderately
increased risk

Slightly

confident




African-American ethnicity

Odds ratios plotted on a Forest plot Results not possible to Conclusions
plot
@B altrus 2017 (9/9) Ref group: White " Halterman 2001 (COhOl‘t, 5/9) Evid b .
X 3 not significant (Black vs non- vidence base.
=Stewart 2010 (8/9) Ref group: White Black) 4 cohort studies
—-— 2010 (8/9) Ref h ‘ B Malhotra (cross-sectional 8 cross sectional studies
tewart 201 ef group: White B ’

o * 6/10): increased risk in , o )
e=miwong 2012 (6/9) Refgroup: Hispanic 5 populations with high ratio of Conlg,tlstent ﬁndlrl;gs mtth: higher
e=mQuinto 2011 (10/10) Ref group: Non- Black/White qua,' y, more robust stu _y

African Amer = m Quezad fional designs. All these studies
e==Quinto 2011 (10/10) Ref group: Non- .l uézada (C_roslsl-sec lonal, were in the US

African American 6/10): not significant (Black vs
emq ust 2013 (9/10) Ref group: White I. Others)
emmRust 2013 (9/10) Ref group: White R m Wood 2002 (cross-sectional, | |/lele =l =il

5/10): increased risk (Black vs | | i

esmirehm 2012 (9/10) OR per 20% el — HIS )aniC) ( Increased rISk

increase in African ancestry p . .
emmSarpong 1997 (8/10) Refgroup: Non- i nghly Confldent

African American
esmmStingone 2006a (7/10) Refgroup: il

White

o] 1 2 3 4 5 6 7 8
Logistic regression: OR (95% ClI)

Vitamin D deficiency

0Odds ratios plotted on a Forest plot Results not possible to plot | Conclusions
. Evidence base:
m  Brehm 2012 (Cross-sectional
=#=grehm 2010 (7/9) —— _ D 1 cohort
EEJ)MI r?ta T(Z effect of high vitamin 1 case control study
a—gatter 2016 (7/9) . _ _ 2 cross §ectional studies
m  Searing (cross-sectional, Small studies
amirahm 2012 (9/10 5/10): increased risk
rehm 2012 {9/10) — associated with vitamin D MOderately_
deficiency increased risk
Slightly confident
0 1 : Logisti@regression:dR(QS% cl) 5 6 7 8




Odds ratios plotted on a Forest plot Results not possible to plot | Conclusions
m Schatz 2003 (cohort, 6/9): reduced | Evidence base:
amgatter 2016 (7/9) Income < risk (lower family income) P<0.05 ; cohort StUdlll
>15,000/yr - m Lieu 1997 (case-control, 7/9): as 5 c?se conttrion |
@R 05as-Salazar 2013 (9/10) annual income increased, stﬁ d(i):z sectiona
Income < $15,000/yr e hospitalisation odds decreased.
@mmi rehm 2012 (9/10) Income < - m Wood 2002 (cross-sectional, 5/10): | post studies showed an
P oo increased risk (people denied increased risk in children
@m=)3les 2002 (7/10) Income < I — benefits) no effect (people on living in low income
$20,000/yr benefits) families.
e==Dales 2002 (7/10) Income ol m Canino 2012 (cross-sectional,
320,000 - 560,000 2/10): increased risk (poverty and
@mmstingone 2006a (7/10) Income < = neighbourhood risk) MOderately
320,000/yr increased risk
ammStingone 2006a (7/10) Income i
$20,000 - $39,999/yr Moderately

confident

0 1 2 3 4 5 6 7 8

Logistic regression: OR (95% Cl)




Slightly increased risk

Exposure to environmental tobacco smoke (ETS)

Odds ratios plotted on a Forest plot

Results not possible to plot

Conclusions

emmpyle 2015 (6/9) ETS
exposure at home ——
e==pyle 2015 (6/9) ETS ®
exposure at home
esmpyle 2015 (6/9) ETS ) m—
exposure at home
e 0sas Salazar 2013 (9/10) T
ETS exposure
«fli=D 3 les 2002 (7/10) Regular o —
ETS exposure
0 1 2 3 4 5 6 7

Logistic Regression: ORs (95% Cl)

m Rabinovitch 2011 (cohort, 6/9):
increased risk (reported and/or
cotinine)

m McCarville 2013 (cross-sectional,
8/10): increased risk (cotinine
level); no effect (parental report)

m Chilmonczyk 1993 (cross-

sectional, 7/10): No effect
(parental or cotinine report)

m Quezada 2016 (cross-sectional,
6/10): No effect (parental report)

m Canino 2012 (cross-sectional,
2/10): increased risk (reported
ETS exposure)

Evidence base:
1 cohort
1 case-control
6 cross sectional
studies

Discrepancy between risk
associated with parental
report and elevated
cotinine.

Slightly
increased risk

Highly confident

Younger children within the 5-12 age range

Odds ratios plotted on a Forest plot | Results not possible to plot

Conclusions

W Baltrus 2017 (cohort 9/9): reduced risk with increased age
m Schatz 2003 (cohort, 6/9): increased risk (younger age) P<0.001
m Murray 1997 (cohort study 6/9): increased risk 5-9yr olds vs 10-14yr olds

Insufficient ORs to plot

m Quezada 2016 (cross-sectional 6/10): increased risk
m Wood 2002 (cross-sectional 5/10): increased risk

W Sarpong 1997 (cross-sectional 8/10): each year of age reduced OR 0.77 (0.67 to 0.90)

Evidence base:
3 cohort studies
3 cross sectional studies

Consistent finding of increased risk in younger children.

Highly confident

Slightly increased risk




Obesity/overweight

Odds ratios plotted on a Forest plot

Results not possible to plot

Conclusions

=®=Schatz 2013 (7/9) overweight/obese

=@=Quinto 2011 (10/10) Overweight D
«B=Quinto 2011 (10/10) Overweight II
«B=Quinto 2011 (10/10) Obese D
«l=Quinto 2011 (10/10) Obese .I

W Peters 2011 (cohort 8/9) ‘No effect
in the regression analysis’

m Black 2013 (cohort 8/9) increased
risk
m Wu 2011 (cohort 6/9) No effect

m Mahut 2012 (cross sectional 7/10)
no effect

m Quezada 2016 (cross sectional
6/10) No effect

m Stingone 2011(cross sectional

Evidence base:
4 cohort studies
6 cross sectional studies

Consistent finding of slightly
increased risk in large
population level studies

Slightly increased
risk

Lang 2012 (8/10) Obese 6/10) increased risk Highly confident
«B=\\iesenthal 2016 (7/10)

Overweight/obese o= ll—

0 1 2 3 4 5 6 7
Logistic Regression: OR (95% Cl)

Definitions: Obese BMI>95" percentile; Overweight BMI>85" percentile; Underweight BMI<5'" percentile
Low parental education level
Odds ratios plotted on a Forest plot Results not possible Conclusions

to plot

=== (Quinto 2011 (10/10) High school
diploma or less II
esmuinto 2011 (10/10) High school I.
diploma or less
emmR 0sas-Salazar 2013 (9/10) Low ——
parental asthma numeracy
«amDales 2002 (3/10) Secondary —_—
school not completec
s ales 2002 (3/10) Secondary
school completed
0 1 2 3 4 5 6 7 8

Logistic regression: OR (95% Cl)

m  Lieu 1997 (case-
control, 7/9): as
father's education
increased, odds of
having ED visit
decreased

Evidence base:

1 case control study

3 cross sectional studies
All studies have at least one
positive outcome

Slightly increased
risk. Moderately
confident




Reliever medication use

===Thomas 2005 (8/9) Number
SABA prescriptions

s==Schatz 2003 (6/9) SABA use in
previous year

emm7icger 2012 (5/9) VPC with SABA
use several times/day

=== jeu 1997 (7/9) Number SABA
prescriptions in previous 6m

=R ust 2013 (9/10) >2 SABA
prescriptions in previous 90d

===Rust 2013 (9/10) >2 SABA
prescriptions in previous 90d

4

L 4

2 3 4 5

Logistic regression: OR (95% Cl)

Vernachio 2013 (cross-
sectional 9/10) Increased
risk (24 SABA)
prescriptions/year). No
effect (<3 SABA/year)

Quezada (cross-sectional
6/10) Increased risk (>2
doses reliever a week)

Evidence base:
3 Cohort
1 case control
3 cross-sectional
studies

Relatively low doses of
SABA; no data on very
high doses

Slightly
increased risk

Moderately
confident




No increased risk

em=R ust 2013 (9/10) Risk male / Reference ll
female

=m=mR st 2013 (9/10) Risk male / Reference .
female

emmSarpong 1997 (8/10) Risk male /
Reference female

emmDales 2002 (7/10) Risk male /
Reference female i

emmStingone 2006a (7/10) Risk male /

e —

Reference female

3 4 5
Logistic Regresssion: ORs (95% Cl)

m Canino 2012 (cross sectional 2/10)
Boys at greater risk:

m McCarville 2013 (cross sectional
8/10)

Odds ratios plotted on a Forest plot Results not possible to plot Conclusions
No significant gender difference: Evi5den;1:er:>ase:
-gz'fgru:nzcglf;gu? e & m Engelkes 2016 (cohort 7/9) 9 g?osos-sectional
emmi\wong 2012 (6/9) Risk female / R = | Schatz 2003 (COhort 6/9) studies
Reference male . . .
emi(wong 2012 (6/9) Risk female / o m Akinbami 2009 (cross-sectional 6/10) | Consisent finding of no
Reference male m Halterman 2001 (cross-sectional gender difference
«B=Quinto 2011 (10/10) Risk male /
Reference female - 5/1 0)
===Quinto 2011 (10/10) Risk male { il m Quezada 2016 (cross sectional 6/10)
Reference female

Not a risk factor

Highly confident




Hispanic ethnicity (US studies)

«B=Baltrus 2017 (9/9) Ref group: White L KWOﬂg 2012 (COhOft 6/9) not EVIden;:e base:_
V'S significant compared to white 3 cohort studies
e==stewart 2010 (8/9) Ref group: White i 6 cross sectional
population )
emmStewart 2010 (8/9) Ref group: White l m  McCarville 2013 (CTOSS- studies
=a=Quinto 2011 (10/10) Ref group: Non- * seCtlonal’.8/1 0).: not significant Consistent findings in the
- u results (Hispanic vs non- high it
@a=(Qinto 2011 (10/10) Ref group: Non- Hispanic) Igner quality, mf)re
Hispanic [ | robust study designs.
emmR ust 2013 (9/10) Ref group: White - All these studies were in
emmR st 2013 (9/10) Ref group: White JP the US

@amrindley 2003 (7/10) Puerto Rican / Ref No consistent
group: Non-Puerto Rican il e effect
emmindley 2003 (7/10) Puerto Rican / Ref
group: Non-Puerto Rican —._
oup: . Moderately
ammStingone 2006a (7/10) Dominican / Ref -
group: White confident
eamStingone 2006a (7/10) Mexican / Ref =
group: White
emmStingone 2006a (7/10) Puerto Rican / =
Ref group: White
ammStingone 2006a (7/10) Other Latino / =
Ref group: White

Yvy

0 1 2 3 4 5 6 7 8
Logistic regression: OR (95% Cl)

Urban residence/proximity to major road

Odds ratios plotted on a Forest plot | Results not possible to plot Conclusions
m Halterman 2001 (cohort 5/9) no increased risk of living in urban location Evidence base:
Insufficient ORs to plot m Blatter 2016 (case-control 7/9) increased risk per 100m from major road 1 ggzgrct:ontrol
m Rust 2013 (cross-sectional 9/10) no increased risk of living in large metropolitan area 4 cross-sectional studies
(n=43,156) 5 studies, including a large high quality cross-sectional
m Pesek 2010 (cross-sectional 8/10) no increased risk of living in urban location study showed no increased risk with urban residence
m Sarpong 1997 (cross-sectional 8/10) no increased risk of living in urban location or proximity to major roads.
m Brown 2012 (cross-sectional 7/10) proximity to major road increased risk of

hospitalisations but not ED visits. Not a risk factor

Moderately confident




Confounded by severity/indication

Evidence base:
6 Cohort Confounded by

2 case control indication
8 cross-sectional studies

Controller medication use

In 9 of the 16 studies, ICS use was associated with an increased exacerbation risk.
In 3 studies ICS use was associated with no difference in exacerbation risk
In 3 studies ICS use was associated with a reduction in exacerbation risk

Nebuliser use

Odds ratios plotted on a Forest plot Results not possible to plot Conclusions
- m  Lieu 1997 (Case-control, 7/9 .
Insufficient ORs to plot Increased r(isk with ownershig ofa | Evidence base:

nebuliser 1 case contrlol study .
1 cross sectional studies
m  Butz 2000 (Cross-sectional, 4/10)

Increased risk with use of

nebuliser
Confounded by
severity
: : Evidence base:
Ownership of written asthma management plan 1 case control .Cor.1fou.nded by
One study found that action plan was associated with an increased risk and one with a reduced risk 1 cross-sectional studies indication

: - Evidence base:
Routine asthma reviews 1 cohort Confounded by

All three studies showed that attendance at routine checks was associated with increased risk of exacerbations 2 cross-sectional studies severity




Inconclusive

Reduced lung function

5 small studies (N<500) with inconsistent findings; the larger cohort stdy (n=1019) had mixed results

1 cross-sectional study (n=1,041) found that reduced pre-bronchodilator FEV1was associated with
increased of attacks ‘at any time during the child’s life’.  As this outcome included pre-school admissions,
potentially confounded with viral associated wheeze, it was unclear whether this reflected the situation in
children 5-12yrs.

Evidence base:
3 cohort studies
1 case control study
3 cross sectional

FeNO testing at routine reviews

In 2 of the 3 studies, both in small cohorts with relatively severe asthma, FeNO tested at regular visits (2 or
3 monthly did not predict attacks in the subsequent 2 — 3 months.

In 1 study, median FeNO at baseline predicted exacerbations in the subsequent year, but was clinically
unhelpful because of overlap of FeNO levels in the two groups.

Evidence base:
3 cohort studies

Postive skin prick test (SPT)

In the cohort study (n=1,019) and the case control study )n=304), a positive SPT was not associated with
an increased risk.

In one of the cross-sectional studies a positive SPT (to cat or cockroach) was associated with an increased
risk, but a positive SPT to HDM or dog was not. The other showed an associateion of a posituve SPT on
ED visits, but not oral stroids courses.

Evidence base:
1 cohort
1 case control
2 cross-sectional studies

History of allergen exposure

Inconsistent outcomes to exposure to cockroach, mouse, fungal spores, cats/dogs

The larger cross-sectional study (n=2,966) showed an association of attacks with dogs, but not cats; the
much smaller cross-sectional study (n=86) showed an association with cockroach infestation. The three
cohort studies had mixed outcomes.

Evidence base:
3 cohort
2 cross-sectional studies

Inconclusive

Inconclusive

Inconclusive

Inconclusive




Insufficient evidence

Serum total IgE

Limited evidence and inconsistent outcomes:
The cohort study (n=1,019) was negative; the cross-sectional study (n=465) was positive

Evidence base:
1 cohort
1 cross-sectional study

Family history of atopy

Limited evidence and inconsistent outcomes
The cohort study (n=1,019) was negative; the cross-sectional study (n=465) was positive for paternal hay
fever but not for any other family history of atopic conditions.

Evidence base:
1 cohort
1 cross-sectional study

Age of onset of asthma

Limited inconclusive findings
One small (n=200) cross-sectional study showed no association with attacks

Evidence base:
1 cross-sectional study

Duration of asthma

No consistent effect of duration of asthma
The cohort study (n=563) was positive, one cross-sectional study was negative. One study confounded by
duration of the outcome (Prior hospitalisation at any time during their life).

Evidence base:
1 cohort
2 cross-sectional studies

Co-morbidities

Limited inconclusive findings (for Gastro-oesophageal reflux, or diabetes)
One very large (n=32,321) showed a positive association of diabetes or GORD with hospitalisations but not
oral steroids.

Evidence base:
1 cross-sectional study

IQ/special needs

Limited inconclusive findings

The larger study (n=1,041) was positive but used the unclear outcome ‘Prior hospitalisation at any time
during their life’ and the smaller study was positive for hospitalisations but not ED visits

Evidence base:
2 cross-sectional study

Parental health

Limited inconclusive findings
One positive moderate quality cross —sectional study (n=386)

Evidence base:
1 cross-sectional study

Parental marital status

Limited inconclusive findings
Two moderate quality cross-sectional studies. The larger (n=2,986) was positve for single parent families,
but not for separated, divorced or widowed. The smaller study was negative (n=386)

Evidence base:
2 cross-sectional study

Insufficient

Insufficient

Insufficient

Insufficient

Insufficient

Insufficient

Insufficient

Insufficient




